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Although SP-B is the most critical protein in lung surfactant, recombinant or
synthetic forms of SP-B as a basis for the development of therapeutic surfac-
tants are still not available. An alternative is the design and production of
peptides mimicking the structure and general properties of essential motifs
in SP-B.
In the present study the surface activity of different KL4-derived peptides, as
sequence variations of the original peptide designed to replicate a general am-
phipathic motif of SP-B [1], has been assessed in the captive bubble surfactom-
eter. The peptides were reconstituted in a surfactant lipid matrix: DPPC/POPC/
POPG (50:25:15, w/w/w). This mixture was selected because it offers a fluid
environment where the interfacial stability of surfactant films has to be pro-
vided primarily by the SP-B mimetic and not by the lipid moiety.
Presence of just 1% (w/w) peptide KL4 (KLLLLKLLLLKLLLLKLLLLK)
provided to the lipid mixture similar ability to adsorb at the interface than
the presence of 1% native SP-B purified from porcine lungs. Films made of
DPPC/POC/POPG/KL4 showed also similar ability to reach very low surface
tension with limited compression than exhibited by films containing native
SP-B, both under quasi-static and dynamic compression-expansion cycling.
A KL4 peptide with amidated end showed similar surface activity, as well as
a KL4 version including a PQ insertion in the middle of the sequence to break
the alpha-helical conformation. In contrast, variants with reduced numbers of
leucine residues showed significantly reduced ability to promote interfacial ad-
sorption and much worse activity under compression-expansion cycling. These
results support the concept that hydrophobicity and potential leucine-promoted
peptide-peptide interactions are more important than helicity for SP-B-like sur-
face activity.
[1] Cochrane and Revak (1991), Science 254, 566-568
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The hydrophobic surfactant proteins, SP-B and SP-C (SPs), promote rapid ad-
sorption of phospholipids to an air-water interface by a mechanism that remains
unclear. To understand the structural changes that lead to faster adsorption, we
measured small-angle X-ray diffraction from dipalmitoylphosphatidylcholine
(DPPC) bilayers containing varying concentration of SPs on solid supports.
Swelling at different hydration allowed interpretation of the diffracted intensi-
ties and construction of the electron density profile. With increasing concentra-
tions of protein (0 - 10 wt/wt %), the d-spacing and bilayer thickness increased.
This change may reflect stretching of the hydrophobic region of the bilayerFigure 1: Electron density profiles
of DPPC samples containing vary-
ing amount of SPs.caused by the presence of the protein.
Larger amounts of protein also flattened
the electron density profiles, reducing the
difference between minimum and maxi-
mum densities. A disordering effect of the
proteins should cause greater thermal fluc-
tuations of the bilayer, which would explain
both the flattened density profile and the ob-
served loss of higher order Bragg peaks.
Acknowledgements: Stanford Synchrotron
Radiation Lightsource (SSRL); NIH.2503-Pos Board B273
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Available evidence suggests that the hydrophobic surfactant proteins (SPs),
SP-B and SP-C, accelerate adsorption of surfactant vesicles to an air/water in-
terface by promoting formation of a negatively curved rate-limiting structure.
In support of this model, the proteins induce several phosphatidylethanol-
amines to form inverse bicontinuous cubic phases, in which each leaflet has
negative saddle-like curvature analogous to the hypothetical intermediate.
The proteins could promote formation of cubic phases by changing spontane-
ous curvature (c0) of lipids, which would be reflected in the dimensions of
the inverse hexagonal (HII) phase. With 1,2-dioleoyl phosphatidylethanolamine
(DOPE), the SPs had no effect on the size of the HII phase, suggesting a constant
c0. The study, however, lacked anionic phospholipids, which constitute ~10%
(mol:mol) of phospholipids in lung surfactant, and could engage in selective in-
teractions with the cationic SPs. In this work, we used small-angle X-ray scat-
tering to examine how SPs affect structures formed by DOPE mixed with 10%
(mol:mol) anionic 1,2-dioleoyl phosphatidylglycerol (DOPG). With DOPG,
the HII lattice-constant (a0) decreased in a dose-dependent manner with increas-
ing levels of protein. This change could be caused by specific interactions be-
tween the SPs and DOPG, or nonspecific interactions between cationic SPs and
the anionic phosphate group of DOPG. To determine whether the observed
change in a0 was caused by nonspecific electrostatic effects, the measurements
were repeated on samples prepared in buffered electrolyte. In the presence of
counterions, the effect of SPs on a0 was significantly diminished. These results
suggest that the change in the a0 for DOPE:DOPG in the absence of counterions
is caused by nonspecific electrostatic interactions between the positively-
charged proteins and anionic phospholipids, and are unlikely to play a major
role in physiological media.
Acknowledgements: Stanford Synchrotron Radiation Lightsource; NIH.
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The respiratory surface is stabilized by pulmonary surfactant, a complex mix-
ture of lipids and proteins, whose main function is reducing surface tension at
the alveolar air-liquid interface in order to facilitate the work of breathing. It is
composed by around 90% lipids and 8-10% specific proteins, including the hy-
drophobic polypeptides SP-B and SP-C. A combined action of both proteins is
essential for a proper organization of functional membrane arrays in surfactant
complexes.
SP-B and SP-C have dramatical effects on membrane structure and dynamics.
In the present study we compare some structural, mechanical and dynamical
properties of model POPC vesicles in the absence and presence of them, either
in their physiological combined proportion or each protein by itself. Structural
effects caused by hydrophobic surfactant proteins were noticed both by optical
microscopy of giant proteolipid vesicles and by electron microscopy of 100 nm
diameter extruded vesicles. Also, impermeable POPC membranes became per-
meable when supplemented with any of these proteins. Significant differences
were noticed between the effect of SP-B and SP-C on giant vesicles: suspen-
sions containing only SP-B were stable but those containing only SP-C were
quite dynamic, undergoing frequent fluctuations, reorganizations and ruptures
as observed under the microscope. In order to investigate the physical explana-
tion of these phenomena, mechanical studies have been carried out with giant
phospholipid and proteolipid vesicles.
The differences found between the effect of each protein separately and their
physiological mixture support the concept that SP-B and SP-C mutually mod-
ulate their membrane-perturbing properties, which may be crucial for the struc-
ture, arrangement and dynamics of pulmonary surfactant membranes.
2505-Pos Board B275
Peptide-Lipid Reactivity in Membranes
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Acyl transfer from lipids to peptides is able to occur in the absence of enzyme
catalysis. This innate reactivity is of fundamental interest, with the potential to
influence a number of membrane processes. The kinetics and selectivity of the
492a Tuesday, February 28, 2012acylation reaction between melittin (H-GIGAVLKVLTTGLPALIS-
WIKRKRQQ-NH2) and lipids have been revealed by LC-MS and LC-MS/
MS approaches. The major sites of acylation on melittin are at the N-terminus
and the side chain of Lys-23. With phosphocholines, acylated melittin products
are detectable by LC-MS within 4 hours, with little selectivity for transfer from
the sn-1 vs the sn-2 position. In PS/PC mixtures, acyl transfer is only observed
from the PC component. In PG/PC mixtures, transfer is observed from both the
PG and PC components, albeit at a reduced rate when compared to PC-only
membranes. Small amounts of double-acylated melittin products are also
formed.
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Biological membranes are exposed to a number of chemical and physical
stresses that alter the structure of the lipid bilayer in such a way that the perme-
ability barrier to hydrophilic molecules and ions is degraded. These stresses in-
clude amphiphilic molecules involved in metabolism and signaling, highly
charged polyamines, reactive oxygen species, and osmotic stress. As annexins
are known to bind to lipid headgroups in the presence of calcium and increase
the order of the bilayer lipids, this study addressed whether this activity of an-
nexins provides a potential benefit to the membrane of protecting the bilayer
against disruptions of this nature, or can promote restoration of the permeability
barrier after damage by such agents. The release of carboxyfluorescein from
large unilamellar vesicles composed of lipids characteristically present in the
inner leaflet of cell membranes (PS/PE/PC/PI/cholesterol) was used to measure
membrane permeability. It was determined that in the presence of calcium an-
nexin A6 reduced baseline leakage from the vesicles and reduced or reversed
damage due to lysophosphatidic acid, ceramide, arachidonic acid, spermidine,
osmotic shock, or lipid peroxidation by H2O2. The annexin was also found to
protect or restore the integrity of a natural biological membrane, the chromaffin
granule membrane, challenged by lysophosphatidylcholine or sphingosine. In
a cell, it is likely annexins would move to sites of breakdown of the permeabil-
ity barrier because of the calcium-dependent binding of annexins to membranes
at sites of calcium entry. Because of the fundamental importance to life of
maintaining the permeability barrier of the cell membrane, it is proposed
here that this property of annexins may represent a critical, primordial activity
that explains their great evolutionary conservation and abundant expression in
most cells.
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Protocols for the immobilization of PEG-ylated nano-sized lipid bilayer disks
on QCM-D sensors have been developed. It is shown that the disks can be im-
mobilized on the surface of gold QCM-D sensors by several approaches, most
of which result in the formation of a monolayer of disks bound to the surface.
After inactivation of the remaining surface, the interaction of the immobilized
disks with different analytes can be studied. We show that the QCM-D ap-
proach allows determination of association isotherms for the interaction be-
tween the amphiphilic alpha helical peptides magainin II and melittin with
the lipid bilayer disks. The obtained results are compared with isotherms ob-
tained employing fluorimetric determinations, which are based on the intrinsic
fluorescence of tryptophan residues in the peptide sequence. The presented
QCM-D method has the advantage of being applicable even when the peptides
do not present any residue that could be detected by photophysical techniques.
The obtained results allow comparing the affinities of the employed peptides
with lipid disks of different compositons. Thus, the effect of the nature of
the peptide, the edge and surface charge of the disks, and the phase state of
the lipid membrane on the association isotherms can be characterized. We fore-
see than lipid disks in combination with the QCM-D technology can be used to
investigate the interaction between lipid membranes and a range of biologically
interesting molecules, such as membrane bounded proteins and membrane tar-
geted drugs.
2508-Pos Board B278
Disentanglement of Heterogeneous Solid-State NMR Parameter Measure-
ments in Model Membranes
John D. Gehman1, Marc-Antoine Sani1, Frances Separovic1, Anil K. Mehta2.
1University of Melbourne, Univ of Melbourne, Australia, 2Emory University,
Atlanta, GA, USA.Solid-state NMR is ideal for studying membranes and membrane-associated
proteins and peptides that are difficult or impossible to study by other means.
Disorder and heterogeneity that are typical of these types of samples, however,
makes analysis of the resulting challenging. Examples include (a) heteroge-
neous distributions of 31P chemical shift tensor parameters that report on phos-
pholipid headgroup disorder; and (b) distributions of internuclear distances
measured by rotational-echo double-resonance (REDOR), for example, of het-
eronuclear pairs within membrane-associated peptides. A method that uses an
adaptation of Boltzmann statistics maximum entropy for a model-free approach
to analysis of this type of troublesome data provides the means to characterize
the distributions of such heterogeneous systems.
In the case of REDOR data, the method can reveal multiple distances with rel-
atively few data points, which is of particular benefit in application to biolog-
ical systems where signal lifetimes are limited by relaxation. This has been
recently extended to include spin systems for which the observe nucleus is di-
polar coupled to two or three dephasing nuclei. The method reverses the prac-
tice where preconceived internuclear distance models are slowly optimised to
better ‘‘fit’’ experimental REDOR data, and instead provides the information
necessary to construct models based on unbiased data analysis. Examples in-
clude application to membrane-associated Alzheimer’s b peptide. In the case
of chemical shift tensor analysis, we have applied the method to arbitrarily
complex phospholipid mixtures for analysis of subtle perturbations, for exam-
ple, by association of antimicrobial peptides with model membrane systems.
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A large number of proteins and peptides interact with membranes to perform
various biological activities such as signal transduction, transportation and an-
timicrobial activity. Characterizing the interactions of individual amino acids
with lipid bilayers is an important step towards understanding lipid-protein in-
teractions. The Wimley-White hydrophobicity scale pentapeptides WLXLL,
where X can be any of the 20 amino-acid, adsorb at the POPC/water interface.
Due to their small size and availability of experimental data, these peptides are
suitable for studying lipid-peptide interactions using computational methods.
We report atomistic simulations of Wimley-White peptides in bulk water and
at cyclohexane/water and POPC/water interfaces. Various properties, such as
end-to-end distance autocorrelations, the distribution of conformational states
(based on dihedral angles) and the probability distributions of the center of
mass of the side chains are measured. Using equilibrium molecular dynamic
(MD) simulations, we were able to obtain good estimates of these properties
only in bulk water. Even ~600 ns molecular dynamic simulations at the
POPC/water interface did not yield converged results. We also compare the
sampling obtained using MD simulations with that of enhanced sampling
methods such as Replica exchange MD simulations.
These simulations highlight the sampling issues associated with simulation
studies of unstructured peptides, which are relevant to a wide range of lipid-
protein simulations including studies of antimicrobial peptides and peptide ag-
gregation near membranes.
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Nowadays one of the big issues in modern medicine is the fight against chronic
bacterial biofilms. The reason for the recalcitrance of these biofilms are so-
called persister cells. Persisters are dormant variants of regular cells that
form stochastically in microbial populations and are highly tolerant against
modern antibiotics. It is known that one protein plays a major role in persister
cell formation: TisB. This 29 amino acid long peptide gets overexpressed in
E. coli upon environmental stress, integrates into the bacterial inner membrane
and decreases the proton motive force and ATP levels. The mechanism is still
unclear, how this leads cells into dormancy and results in the formation of per-
sister cells.
We analyzed the structure of membrane-bound TisB by CD and oriented CD
spectroscopy in aqueous solution and vesicle suspension. TisB shows a helical
content of more than 90% in aqueous and more than 55% helical content in ves-
icle suspension, respectively. The membrane orientation of TisB measured by
oriented CD revealed an almost upright alignment of the amphiphilic helix in
different lipid bilayers. Quantitatively, solid-state NMR spectroscopy showed
a tilt angle of 30 in respect to the membrane normal, thus strongly supporting
